FREE   EXPANSION   OF  GASES
compressing and measuring out different volumes of air. [ Omitted. ]
These results are inexplicable if heat be a substance. If that were the case, the same quantity of heat would have been absorbed by the rarefaction which took place in the experiments of Table IV. as was evolved by the corresponding condensation in the experiments of Table I.; also a certain quantity of cold would have been produced in the experiments given in Table III. The results are, however, such as might have boon deduced a priori from any theory in which heat is regarded as a state of motion among the constituent particles of bodies. It is easy to understand how the mechanical force expended in the condensation of air maybe communicated to these particles so as to increase the rapidity of their motion, and thus may produce the phenomenon of increase of temperature. In the experiments of Table III. no cold was produced, because the momentum of these particles was not permanently converted into mechanical power, but had the motion of the air from one vessel to the other been opposed in such a manner as to develop power at the outside of the jar, which might have been accomplished by means of a cylinder and piston, then loss of heat would have occurred, just as in Tables IV., V., and VI., whero the force was applied in lifting the atmosphere of the earth.
It is quite evident that the reason why the cold in the experiments of Table IV. was so much inferior in quantity to the heat evolved in those of Table I. is that all the force of the air over and above that employed in lifting the atmosphere was applied in overcoming the resistance of the stopcock, and was there converted back again into its equivalent of heat.
Thp discovery of Dulong* that equal volumes of all elastic fluids, taken at the same temperature and under the same temperature, when suddenly compressed or dilated to the same fraction of their volume, disengage or absorb the same absolute quantity of heat accords perfectly with these principles.
The mechanical equivalents of heat determined by the various series of experiments given in this paper are 823, 795, 820, 814, and 760. The mean of the last three, which I take as least liable to error, is 798 lb., a result so near 838 lb., the equivalent which I deduced from my magnetical experiments, as to
* Annales de Ohimie, Vol. XLI, p, 156. SOhes of dry air condensed into it,
